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THE MEASUREMENT Or? ACTIVITY OF LOCAL ANAESTHETICS*. 
I. INTRODUCTION. 
Local anaesthetic properties are possessed 
by a very larce number of compounds 9 end r:ethods of 
accurate comparison of their relative 'ootencies ace 
needed, firstly in order to find cm_pounds of 
clinical irportance, and secondly to discover 
relationships between cherical constitution and 
pharmacological action. In the latter case it is 
necessary to use methods which will express the 
relative potencies of drugs which differ 'widely in 
the intersit:' of their actions. 
The following L,eners1 principles were 
accepted by the author as r;uldes in the choice of 
r',ethods, 
The three chief preparations on which local 
anaesthetic activity can be measured are:- 
(a) Frogs nerves. 
(b) Rabbits cornea. 
(c) aurtan wheal (intraderral injection). 
For convenience technical details of methods are 
put in appendix. 
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These three rethods reasure different rmoterties. 
1-aralysis of the frogs sciatic measures two 
l',roperties of a dra60 firstly its power to penetrate 
nerve sheaths and secondly its pawer to paralyse 
nerve s. ine anaestnesia of tne rabbit cornea 
also measures two properties of a drat;, firstlj 
its power to penetrate mucous remDranes, and 
secondly its pov.er to paralyse nerve endincs. The 
intradermal rethod gives a direct Leasure of the 
power of a drug to paralyse nerve endings unaffected 
by its poler of penetration. 
is well knov.n that comparisons based on ore 
nethod a.s' differ widely from those based on another 
ethod For example procaine nas an action equal 
to cocaine when tested by the irtraderral method, or 
by the frogas sciatic rethod, but is much less 
'oowerful when tested by the corneal method. The 
quinine derivative optochine on the other hand has 
a powerful local anaesthetic action on the cornea 
and on the nerve terminations but has no actions 
on nerve trunks. It is therefore necessary to use 
two or three different tests, in order to obtain 
an estimate of the probable clinical value of a 
new compound. 
General/ 
General experience in methods of biological 
standardisation has shown that the best method of 
obtaining a cuantitative estirate of the potency 
of a preparation is to determine what concentration 
of the drug which is being tested will produce an 
action exact17 equal to that produced b7 a known 
concentration of some other drug which is chosen as 
the standard, 
Moreover in all meLhods of bioloical 
standardisation it is necessary to eliminate errors 
due to individual variations, Individual variation 
In response to local anaesthetics is as pronounced 
as in the response to other drugs. "Sig. 2 shows 
the individual variations to frogle sciatic nerves 
as measured by the author and these results show a 
standard deviation of about 5(:) of the median. 
since it is impossible to obtain a uniform 
biological population, comparisons must be made in 
one of two ways: (a) by successive tests Ath 
different drugs on the sae individual, (b) by using 
sufficient numbers of test animals to obtain aver- 
ages that ere statistically significant. 
rihe simplest method of comparing local 
anaesthetic potencies is to determine the minimum 
effective/ 
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effective concentration of drugs. ThjE l';easdrenert 
is however very difficult in practice beau se local 
anaesthesia is a graded effect, sensation is first 
dulled and then abolisned and it is difficult to 
determine exactly -.xnen full a.raost_iosia is just 
produced. In practice it is usul to introduce a 
tire factor and to reasare the cancentration of drag 
waich produces anaesthesia within a certain time,or 
which anaesthetises for a certain porioci. 
This raises the question of the relation 
between concentration and rate of action or duration 
of action. The determination of relative activities 
of two different compounds is a veri laborious 
Lrocess if It is necessary to find concentrations 
which produce an exact1-07 eoual action and this 
dli.fficulty is greatly increased if it is necessary 
to eliminate biological variations by making the 
nur;ber of observations sufficient to provide an 
average that is reasonably exact when judged by 
statistical methods. 
It is far quicker to measure the rate or 
duration of action produced by one concentration of 
each/ 
each drug and then to calculate the ratios between 
the times. This method will only provide accurate 
results however if the relation between concentration 
(G) and time (T) is a simple one, such as is 
expressed in the case of rate of action by the 
formula CT = K, or in the case of duration of action 
KC = T. If the relation is an exponential one 
such as CL = K, then it is clearly unjustifiable 
to argue that because drug A. at concentration G, 
produces an action in half the time that is 
produced by drug B at the same concentration, 
therefore A is twice as strong as 132 for if the 
05 
relation between time and rate of action is C 
. 
T=K, 
then the concentration of drug 13 which will be 
required to produce an action in the same time as 
that produced by drug A at concentrations C, will 
be not two but four. 
The writer has therefore examined the problem 
of the relation between Concentration and rate, or 
duration of action in the various methods studied. 
Other factors Which it is essential to measure 
order to discover whether the drug is likely to 
he of practical clinical value are its poWor of 
producing/ 
producing irritation and its +c:é1.:..® The forner 
can be measured both on the rabbit ls cornea and on 
the intraderral wheal and the latter is most 
convenientlw measured on mice. 
II. PARALYSIS OY iROG1S NERVES. 
(a) irthOcì 
1ao sciatic-autrocnerilus preparation from 
R, esc. HuntL, was used. Tae sheata of the nerve 
was stripped, the method of application of the drug 
is shown in 1. The drug dissolved in saline 
solution was applied to a short length of the 
nerve trunk, The muscle was kept in saline 
solution and the whole arrangement was covered with 
a moist chamber. 
The response of the muscle was measured on 
a smoked drum by an isometric lever. Motor 
paralysis of nerves is a procressive process and 
since there is a wide individual variation in 
sensitivity, it is somewhat difficult to choose a 
suitable end-point; the method used was as follows. 
The threshold stimulus of the fresh preparation 
was first determined, this was talcen as the 
stimulus (only break shocks were used) which 
produced e response between 3 to 10,r. of the 
maximum/ 
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LLaiLas A- Vertical view of muscle nerve preparation 
at XY of diagram 130 
N = nerve. le= muscle. k = pin. 
C = cork to fix muscle. E = electrodes from sec.coil 
= trough for muscle. B'= for drugs. 
= trough for electrodes. 
B. Sane as L viewed from top, 
C. Scheme for stimulation, 
/ 
D = redording drum. Lt = levers. 
MK/ = troughs for both sciatica. 
F = commutators, S = sec. coil. 
BT = battery, ,/ = primary coil. 
= LI.ejs for break shocks. only. 
9 
maxinun response of the nusclo. 
The testing stimulus chosen varied according 
to the nature of the experiment but was either ten 
times Or fifty tines the threshold stimulus. The 
endpoint taken as indicating production of 
paralysis nao the tire when the testing stimulus 
only produced a response equal to that oriainally 
produced by the threshold stinulus. 
(b) individual variations in resoonse, 
The nathor tested the action of 1._cocaine 
on 33 preparations, 1;ig. 2 shows the scatter 
of the measurements of time onset of paralysis. 
Statistical analysis of these figures gave the 
following results. 
Time until paralysis of response to 
Mean time in 
10 times threshold 
stimulus 
(33 experiments) 
50 times threshold 
stimulus 
(28 experiments) 
minutes 13 32.1 
Standard 
deviation( q- ) 8,75 16.7 
Standard 
deviation fr- 
of mean kirrt 
1.54 3,16 
0 
y 0 50 
acti AopidGr,tcov _ 
Stvrnu.Gu.s 50 X eikP,s4Old 
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These results Show a very wide individual 
variation for the standard deviations are 55 and 
52 ; of the mean respectively. 
Laubender and Ost (1932) have published 
protocols of figures for the motor paralysis of 
frog's sciatic nerves by percaine and pantocainei 





























Those results are more satisfactory than 
those obtained. by the author for the averace of the 
standard deviation is of the mean, In order 
to obtain satisfactory comparisons it is necessary 
to obtain averages in which the standard deviation 
of the mean. is not more than 8';' for this degree of 
accuracy only implies that the true result lies 
almost/ 
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almost certoinly within the limits of + 25 ,o of the 
moan. if the standard deviation is 20, of the 
mean about 7 experiments are needed to obtain such 
an average, whereas if the standard deviation is 
b0,, of the mean, nearly 40 experlrients re neede0. 
These figures are of Importance because Fidel, 
(1930) concluded that 4 experiments were sufficient 
to c;Ive an accurate measure of the time until 
paralsis at any concentration. `f, however, the 
standard deviation is as low as 20,, of the mean, 
the rean of 4 experiments will only express a 2D 
to i probability of the true mean lying between 23, 
of the mean obtained. 
The error duo to variations cannot be avo!ded 
by comparing two drugs one on each of a pair of 
nerve muscles from the same frorY. This fact Is 
shown by the tables given by Laubender and Ost 
(1932). For example they tested porcaine at 0.3, 
concentration on 9 pairs of nerves; the average 
time until paralysis was 40 min. In both cases. 
The ratios obtained between the time of action 
»ercaine/pantocalne varied from individual experi- 
ments from 0.65 to 1.6. The standard devlation of 
the mean was 0.33 which Is equivalent to 33/0 and 
this 
this is a more unfavourable result than was obtained 
with a single drug acting on nerves from different 
frogs. 
The author obtained very similar results in 
a comnarison cf cocaine with a new synthetic drug 
which was carried out in the same manner. These 
results are shown in Table I. It will be seen 
that the standard deviation of the average ratio is 
319 hence 12 experiments would be needed to obtain 
an average ratio with mean deviation of only 10,. 
These results show that accurate values for 
the rate of paralysis of the frog's sciatic nerves 
can only be obtained if averages are made from a 





Time in minutes of onset of anaesthesia in 





Drugs Time ratio. 
Cocaine Cocaine xvve 
1 35 15 2.3 
21 10 2.1 
35 26 1.2 
66 34 2.0 
7 5 1.4 
37 22 1.7 







XVI/8 = 1.9 
c757= , ,4 A 
43 54 1.1 
32 60 1.9 
Therefore XVI/3 >14( 2 times of cocaine. 
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III. RELATION BETWEEN CONCENTRATION AND RATE OF ACTION. 
(a) Rate of action on fr els nerves. 
Clark (1933e.) collected data for the 
relation between concentration (C) and time (T) 
until a given action was produced. He showed that 
the results could be fitted by the general formula 
CT = Constante but that the value of n varied from 
0.3 to 8 and indeed varied widely when a single drug 
was tested on different types of tissues or organisms. 
The author examined the data given by 
Laubender and Ost (1932) in order to determine 
whether the rate of paralysis of frog's nerves 
yielded results of sufficient accuracy to indicate 
a definite relation between concentration and time 
until action. Fig. 3 shows these results in the 
case of percaine. The solid line shows average 
results whilst the dotted lines are drawn through 
points measured twice mean deviation ( a ) from 
the average. Curve A shows the paralysis with 
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The circles show points calculated from the 
formula OT = Constant, where n = 1 and the constants 
are 20 in the case of Curve A and 3 in the case of 
Curve B. 
The action of pahtocaine on the motor nerves 
follows a completely different course In this case 
the simplest formula that gives an approximate fit 
is (T.27)Cn = 60 
These results suffice to show that in the 
case of the frog's sciatic nerve it is impossible 
to assume that the ratio between the times at which 
an action is produced indicates the ratio between 
the strength of the two drugs. Unfortunately 
they show in addition that the time at which 
paralysis is produced is determined by two independent 
varieties, namely rate of penetration and power to 
produce action after penetration; hence in the case 
of percaine and pantocaine (curves A and C) the 
ratio between the intensity of action varies with 
every concentration of the drug. 
Fig. 3 shows that the curves for the 
paralysis of motor nerves by pantocaine and oercaine 
respectively cross at a concentration above 
At/ 
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At this concentration the activity of the two drugs 
is equal. with higher concentrations percaine 
acts the more rapidly, whilst with lower concen- 
trations, pantocaine acts the more rapidly. It is 
therefore impossible to state whether one drug is 
more active than the other. 
The Paralysis of the fro's sciatic ner,e 
cannot therefore serve as a basis for accurate 
comparisons of the Intensity of action of local 
anaesthetics. It is however a convenient Prepar- 
ation for testing whether a drug does or does not 
possess any local anaesthetic nrooerties. 
(h) Rabbit's cornea. 
(i) Method. 
The eye of a rabbit is clipoe C! of itd. eye- 
lashes and a pocket is made of the lower eyelid, and 
the cornea flooded with the anaesthetic fluid and 
kept in contact with the cornea first for five 
lainutes. The sensitivity of the cornea was then 
aeasured. If the regult was negative the eye was 
flooded/ 
flooded for a second and if necessary for a third 
period of five minutes. A negative result there- 
fore indicated that a solution did not produce 
partial anaesthesia after being in contact with the 
4ornea for 15 minutes. The anaesthesia was 
measured by touching the lower quadrant of the 
cornea with the head of a pin fairly firmly to 
note the absence of winking reflex. 
Immediately after the onset of winking 
reflex the eye was thoroughly washed with saline, 
and the eye was tested from time to time for the 
return of the reflex to find out the total duration 
of anaesthesia. The experiments were usually 
repeated three times and more in case of doubtful 
anaesthesia (often in lower concentration) to obtain 
an average result. The satrie rabbits were used for 
comparative purposes and the same eye. 
(ii) Individual variati s in rabbit's cornea. 
The author tested the actions of 1% cocaine 
exposed for 15 minutes on the corneas of a few 
control animals and obtained the following results. 
Rabbit 
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concentration, and then a minimum time (Tm ) is 
reached and a further increase of concentration does 
not reduce the time. The curves can be expressed 
by the formula (C - Cm ) (T Tm ) = Constant. 
In the case of cocaine Cm = 0.15 Tm = 0.75 min. 
The author however is unable to give the physio- 
chemical significance of the formula. Fig. 4 
shows however that the curves expressing concen- 
tration and rate of action for cocaine and drug 
XVI//5 cross just as did the similar curves for 
percaine and pantoca5.ne (Fig. 3). 
It is therefore impossible to calculate from 
the curves any definite ratio of activity between 
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0.25 c.c. of the sterilised isotonic solution 
to be tested was injected intracutaneously on the 
flexor surface of the forearm with a. i c.c. syringe 
graduated to 1/100 c.c. The duration of anaesthesi 
was tested by marking the anaesthetic area, and 
noting the loss of sensation to the more definite 
sensation of pinprick as compared to the surrounding 
area of the skin. The end-point was taken when 
the sensitivity approached to about the sensitivity 
of the normal surrounding skin. Control injections 
with only isotonic saline were also tested. 
TV. / 
RELATION BETWEEN DRUG CONCENTRATION AND DDRATI6N 
OF ACTION, 
Local anaosthesla both. In the rabbit cornea 
and in the intradermal wheal is a reversible effect 
and hence in both cases measurements of the relation 
between concentration of local anaesthetics and 
duration of action can be made. In both cases the 
duration indicates the time taken for the drug to 
be removed by the circulation. The duration* of 
action of different drugs varies widely and hence 
the time measured y)robably expresses the rate of 
breakdown of some Chemical combination rather than a 
simple process of diffusion. 
The author measured the relation between 
concentration and duration of action of various 
drugs both on the rabbit's cornea and by the intra- 
dermal wheal method. 
Tables II and III dhow the relation obtained 
between concentration of four drugs and their 
duration of action on the rabbit's cornea and the 
human wheal. These results are shown graphicall7 
in Figs. 5 and 6. Th curves obtained with both 
preparations/ 
preparations and all the drugs are similar in type, 
and resemble hyperbolae. 
Various other authors have measured the 
relation between concentration and duration of action 
of cocaine on the rabbit's cornea (Bovet 1933, 
Regnier 1934, Uhlmann 1930 ) and the human wheal 
(Sollmann 1914) and for novocaine on the hunan wheal 
(Gessner and Klunke 1932, Sollmann 1914). The 
results obtained agree with those shown by the author 
If .)lotted 0.raphica11 y. 
The first question is whether there is a simple 
linear relation between concentration and duration of 
action. Figs. 5 and 6 show that no Esuch relation 
exists. 
There is however an approximately linear 
relation between the logarithm of the concentration 
(C) and the duration (T) . The curves can be 
expressed by the formula Ken -7 T or Log K nLog C = 
Log T. The slopes of the different drugs differ 
by n which lies in all cases between 0.5 and 1.0. 
Table II / 
Table II. 
Duration time in minutes. Anaesthesia rabbit's 




Cocaine xvile XVII 
1.0 12-15 
0,5 13-15 
0.25 7-8 15.20 
0,10 25-30 /5-20 10-12 
0.05 22-25 10-12 4-6 
0.026 10-15 4-6 
Table III / 
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Table III. 




Cocaine XVI. t XVII XVIII), 
0.25 15.48 55.75 25-30 20-25* 
0.10 7-8 23-30 15-20 15-20 
0.05 5-6 20-23 10-15 9-12 
0.025 3-5 15-17 6,-12 7-6 





aline 3-5 min. 
20-25 min. means that anaesthesia began to dis- 
appear after 20 min. and completely disappeared 
after 25 min. 
Table IV. 
Relation of concentration and duration ofnaction 
of local anaesthetics. Formula t = O constantk 
or log t = n. log C + log k. 
Drug Author n k 
Rabbit's crneu 
Cocaine Einha 0.53 18 
Bovet 0.62 20 
Regni or 0.74 45 
Uhlmann 0,40 120 
Novocaine Gessner add 
rlenke 1.2 2.8 
Uhlmann 0.2 45.0 
Larocaine Gessner and 
Klenke 0.9 20.0 
XVI 8 Sinha 
0,57 130 
XVII 0.95 87 
0.77 42.5 
665 Bovet 0.36 91.0 
er ca me Uhlmann 0.6 1000.0 
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Examination of figures (Tables IV and V)- 
obtained by other workers shows a fair agreement 
in that the duration of action of cocaine both in 
the rabbitts cornea and on the human wheal can be 
expressed by the formula Ti-C = K = constant. 
Unfortunately even in the case of cocaine 
the value of K varies greatly. This is probably 
due to the different critoria for anaesthesia being 
em-ployed by different observers. The author is 
unable to offer any theoretical explanation. 
As in the case of the rate of action of drugs 
so in the case of the duration of action it is only 
possible to find a satisfactory basis of comparison 
for the relative potency if the concentration 
duration curves have a similar slope* This fact 
is shown by the following example. 
Concentrations of drugs producing similar duration 
of action on the rabbits cornea. 
Drug Duration 8 min. Duration 30 min. 
(a) cocaine. 0.22 2.5 
(b) XVII/8 0.04 0.16 
7flatio b/a 5.50 15.80 
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the case of human wheal t.'le results are 
more comearable and thwefoeee it would appear that 
the beet method of comparison is to measure the 
concentration olhich will produce anaesthesia in 
human wheal for a standard time, e.g. 3_0 minutes. 
In order to carry out this conparisor the 
duration of anaesthesis ir R series of measurement 
employing different concentrations has been plotted 
on a lo.,garithlAc scale. In this way we obtain a 
straight line and it is therefore easy to read off 
the concentration which will give a duration of 1, 
minutes; these concentrations are taen taker as 
inversely proportional to the efficierc. 
Dru cr Combination and Duration of Action. 
Drugs in combination with other drues are 
known to affect the daration of action in various 
is and both the biological and pajsical factors 
are involved, Adrenaline is a drug which is well 
known to cause enhancement of duration as a result 
of the vascular constriction which it produces. In 
clinical application of local anaesthetics adrenaline 
is/ 
is frequent17 used in this way to assist the action. 
However the author tested some of the most 
potent synthetic drugs mentioned above by the wheal 
method, both with and without adrenaline, and 
obtained a change in the duration ratio as follows:- 
Drug Concen- 
tration 







Novocaine 1% 18-22 160 1 
XVI/8 0.1% 20735 155 1.5 1 
XVII 0.25% 22-27 160 1.25 1 
XVIII, 
1 
0.25 17-21 75 J.t) 
xI 
V. DISCUSSION. 
Various workers and epocially Ricier have 
pointed out that no two druc can be accurately 
corpared unless both compounds have been teeted 
by the same worker, (b) and by the eame technique. 
The author in thic paper has tried to point out the 
existeeco ol various other factors which reake com- 
parison difficult, weer Jaen the work is done by 
the eame worker and t[te are technique. These 
l'actors seem to result from the peculiar nature cf 
erec_ action. Certain of them have here been 
studied in detail in order that the practical 
difficulties arisin from them night be more readily 
evercone. 
A review of the literature dealing with the 
accurec7 of quantitative teats for local naesthetics 
shows that the technique least open to criticisn Ls 
that of the human wheal, next in order is that 
involving the rabbit la corhes which iv a somewhat 
more variable result. It has been generally 
recognised/ 
recognised that still more variable results are 
obtained by the use of fro sciatic, but this 
method has been frequently adopted for scientific 
purposes because the results could be recorded 
objectively and ars not dependent on personal 
judgment. 
Various authors have attempted to reduce the 
range of variation shown by the results obtained 
livYth the frog's sciatic preparation. Rider 
claims to nave reduced the variation to a minimum 
but even his results show a variation of 90 P.C. 
in the rate of onset of action of 1 p.c. cocaine. 
The results obtained by the author are in 
harreny with the general experience, variations 
being greatest in the case of frogs sciatic and 
much less in the caso of cornea and human wheal. 
'ior accurate comparisons of two local anaesthetics, 
the author considers that three or four experiments 
are sufficient in the case of rabbits cornea and 
a 
huyan wheal, but for frogls sciaticxlarger number 
of experiments should be carried out. 
It follows that saAll variations in the 
results are not to be regarded as significant; when 
the differences obtained are significantly great 
real difference in anaesthetic potency is to be 
inferred/ 
inferred, Thia ia appcial4 the case when the 
reoulta of at least two 'ipeetiode (e., cornea ard 
waeal)are e.vailable and confine each othee. In 
discussing the relationship between cbte_tcal con- 
etitution and pharracoloical action, it ia 
important to tait.e into consideratlon only sLch 
differences as have been established beeond ane 
possible doubt, 8nd it is deeirable to adhere to 
the rule of ineisting oa confirnation by two 
different tethods before eeing the rethod as the 
basis for correlating chemical constitution to 
pharmacolo!elcal actiOn. 
The data given in this paper, and particularly 
the concentration-duration curves given in Figs, 5 
and (5 shoe, that these curves are hyperbolae, 
7 and 8 show that there is an approximately linear 
relation between the logarithr of the concentration 
and the duration of the action. This relation 
is reminiscent of the well known T;eber lam which 
states that; there is e linear relation between the 
leearithm of the intensity of a stimulus and the 
physiological effect produced on sense organs. 
Clark (1933) has pointed out that in the case 
of adsorption processes there is a linear relation 
between the logarithm of the concentration and the 
sr:run-It. / 
amount of substance absorbed over a range from 2o 
to 80 p.c of the i:rum possible adsorption. It 
is therefore possible that the relation observed 
between the concentration and duration of action of 
local anaesthetics ia dapendelit upon the fixation 
of tha drug by the nerve tissue being an adserion 
process. 
The accuracy of the results is, aoever, 
insufficient to mae it profitable to attempt to 
use tAem as 'roof of tne occurrence of any particular 
physico-chemical 'process. 
Regarding the sig-ificnce of the individual 
vaatton ïn frogis sciatic (71g. 2, A and B), It 
will be seen that FIG, 2 A. resewbles asymmetrical 
skeio, typo of variation, vhereas liAg. 2 B, is nore 
symvetrieal and v,ould give a sigmoid type of curve. 
The author thinks that it ia nora reasonable to 
deduce that the change is due to the 6Ifferant 
intensity of stimulus used (i.e. 1(2)x threshold 
stimulus for A and 5Dx threshold stinulus for 
Clark (1933 e ) h. xidained the cause oi 
such vnriations as due to (1) the amount of drus 
the Imaividuals fir and (2) the mmount of action 
tiles/ 
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action the, produce after fixation in Q01.J.S, if 
the drw, acts quIckly in conoent!2aLecL solutions 
the dru2; Yill sive a ',211Q17 variation while the sane 
dru8 izi 10v4or cocentrr,tionc will tond to ve . 
s16moid type of variatioz . 
rLhe difference here made is rot in the 
concentration of drug but In the intersLt,y af 
ptivulus. wa:i it can be deduce& fro!l the 
tuthorl,, result!: that increase ir intensity oi 
stimulus. when concentrations of the drug, and other 
factors rein the same. delays tae drug actions, 
Hence the author assumes tdat the chanzos produced 
b7 an electrical stimulus in a nerve trunk,delay 
tae action. produced by t'le local anaesthetics eitaer 
by preventing or setting up s process of aa opposite 
nature to that of reversible adsorption eoullibrium 
as produced by the local anaesthetics in nerve trunl:, 
or at least these facts aro evidence ro:fardin4%; the 
nc,ture of conduction of RP electrical itetulse in a 
verve trunk. 
The author has already nentione his inability 
to cive a satisfactory exploration of the tiY.e r 
actton curves of cocaine in rabbits cornea as 
represerted by the formula (C Cm)(T - Tm) = K. 
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p_ -ertiel explarstier cen, hoTever, be given 
or certnIn 17,ebable Tt la known flInt 
adnorrtior ir usually n napi.a, process (Clark 1933f) 
Here° the author assumes that in hliTh corcertretions 
it wculd be almost instartarecus, and rapid in lower 
concertrations. The second assumption is that 
there would be s minimun tire for a stnple rolecu2e 
of s drus to penetrate a rerbrane ard sr inere ore of 
the conce!,tratior of the drug will not c'ec'eeeoP L'4e 
time of penetration of the drue;. The third 
assumption is that the time of penetration will be 
affected by concentratIons at higher dilutions. 
Or these the probable:7 the curve can be 
explained if it be dividea in three portions: 
(a) a first portior Where time of action remains 
practically constart end not ruch effected by 
increase in the concentration of the drug. Et is 
this portion that corresponds to the minimum tine 
of molecAlar penetration; (h) a second exponential 
pert which main17 represent the rate of penetration 
of drug to changes in concentration, the rate of 
action of the drug after penetration of the drug 
being very rapid; (c) the third portion left over 
beire a combination of the rate of penetration and 
rate of adsorption which in lower dilution may take 
some time to complete. 
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VI. ',UMMARY. 
1. it iS impossible to obtain a satisfactory 
quantitative comparison of the local anaesthetic 
properties of two drugs by measureont óf the rate 
of paralysis ol the i'roLle sciatic nerve. 
In the first place the preparation shows a 
vary wide individual variation and in the second 
place the curve relating Conee/Itratior and rate of 
action obtained with different drugs frequently 
cross so that different ratios are obtained with 
every concentration stuuled. 
2. The rate of onset of anaesthesia in the 
rkit's cornea is unsuitable as a 1-easure of local 
anaesthetic potency for the same reasons as those 
given in the case of the frog's sciatic nerve, 
3, The duration of ction produco d. by local 
anaesthetics on the rabbit's cornea and on the human 




4. The cornea of different rabbits Show considerable 
Individual variation, but this can be eliminated by 
making repeated experiments on a single rabbit. 
5. There is an approximate linear relation between 
the logarithm of the concentration of a local 
anaesthetic and the duration of action produced on 
both the rabbit's cornea and on the human wheal. 
6. The relation between concentration and time of 
action can be expressed by the formula Cn = 
and n usually has a value between 0.5 and 0.9. 
7. Fince there Is no simple linear relation 
between time and concentration It is not possible 
to estimate differences in local anaesthetic potency 
by measuring differences An tho duration of action* 
i.e. The fact that drug A produces an action of 
twice the duration of that produced by drug P. at 
the same concentration does not imply that A is 
twice as potent as B.. 
. The simplest method for comparing the relative 
potency of local anaesthetics is to measure the 
concentration/ 
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concentration which produces local anaesthesia for a 
Standard time, e.g. 10 min. This method can be 
employed either vr,th the rabbit's cornea or the 
wheal method, but in the former case care must be 
taken to exclude errors due to Individual variation. 
9. The addition of adrenaline to local anaesthetics 
may change the ratio of activity as determined by 
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CHEMICAL CONSTITUTION AND PHARMACOLOGICAL ACTION, 
I. DESCRIPTION OF DRUG GROUPS TESTED. 
The various drugs tested by the author and 
included in the text can be divided for the our poses 
of discussion under the following three groups: 
(a) Quinoline group. 
(b) Pyrazoline group. 
(c) Various other compounds. 
The chief rings in these groups are Shown in 
Fig. 9. 
The structural formulae of these drugs are Shown 
!Ln appendix (Table A). Their chemical names are so 
cumbersome that it is necessary to describe them by 
Identification numbers, and the key to these numbers 






























The main group of drugs can be divided into sub- 
groul.s as follows:- 
A. Quin line Group. 
(i) Compounds in which a carbon chain is connected 
to the quinoline ring at position 2 of the ring 
(Drug I, II). 
(ii) Compounds in which a carbon chain is linked 
to the quinoline ring at position 2 by a nitrogen 
atom (Drug I I I, IV, V, V.1). 
(Iii) This is a compound which has its chain 
attached to the quinoline ring by a C atom at 
position 6 (Drug XIV). 
.1v) These are compounds in which a carbon Chain 
Is attached to the quinoline ring at position 8 
(Drug XV, XVII., XVI1102,3,6 ). These can be 
further subdivided into (a) monoquinolines (Drug 
XV, XVIII') and also the group i and Ili; (b) Di- 
qulnolines as drug XVII, XVIII2, XVIII3. 
B. Laupline 0,rouTi. 
This group of drugs consists mainly of substituted 
products/ 
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products of nyrazoline compounds, the replacements 
being chiefly made at positions 1 and 5 of the 
pyrazoline ring. According to the radicles sub- 
stituted they are divided into 6' sub-groups as 
follow:- 
(a) (1) Puryl-hhenyl group. Drug XVI', 711I9 
(2) Diphenyl group. " XVI20 
(3) Substituted phenyl " XVIa to XVIly 
group. and XVIII to XVIls 
(b) (1) Piperidine pyrazolins- Drug XVII to XVI, 
XVI13,XVI14 
(2) Dimothylamine " Drug XV10,XV120, 
XVI120sXVIla. 
C. Ifarl:tsOthfmrGrmis. 
This group consists of three different series 





Drug VII, VIII. 
" IX, X, XI. 
XII, XIII, XVIII. 
II, RELATION OF DRUG GROUPS AND PHARMACOLOGICAL 
ACTION. 
(a) asna. 
The local anaesthetic potency of the drugs 
under consideration was compared by determining the 
concentration required to produce local anaesthesia 
for from 5 to 10 minutes, either in the rabbit's 
cornea or In the human wheal. Local anaesthetic 
effect that lasted for less than 5 minutes has been 
termed Incomplete anaesthesia. 
The results obtained with the 37 odd drugs 
tested are given in appendix, Table B. The tables 
given in the text (Table VI and Table VII) dhow 
reults abstracted from the main table in the 
appendix. 
Table VI. / 
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Table VI, 




(1)CH2 chain in pos- 
ition 2 
2) N linked in do. 
(a) with CI without 3,00 
(b) without Cl with rie0 
(3)CH2 chain in position 6 
























































The data given in Table Vi show the following 
-joints. 
(a) The activity of members of the sub-group 
A.2 in which the side chain i2 linked to the quino- 
line group by a nitrogen atom, is less potent than 
that of sub-group A.1 in which the side chain is 
linked to the quinoline group by a carbon atom. 
(b) Compounds with the side chain in position 6 
(sub-group A.3) have a low local anaesthetic_potency. 
(c) Compounds with the side chain in position 6 
(sub-group A.4) have a higher local. anaesthetic 
potency than have compounds with the side chain ln 
position 2 (sub-group A.1). 
(d) Diquinoline compounds (sub-group A.4 b) 
have a higher potency-than monoquinoline compounds 
(sub-group A.4a, 1, 2 and 3). 
Another point to be noted. Is that, when the 
same radicle (methyl piporidlne) when connected to 
the quinoline ring at noion 6 is shifted to 
position 8, there Is a marked increase in anaesthetic 
potency, particularly as regards the power of mucous 




Sixteen pyrazoline compounds have been toted 
and all of them are powerful local anaesthetics. 
They are somewhat more potent than the quinolines 
particularly as regards their action on mucous 
membranes. Their potency is fairly level but 
as a gene7ra rule It Is seen that the sub-groap 
B.a.i. fury' phenyl are least potent. Next in 
order of potency comes the group B.a.20 Diphenyl 
ones which are more potent, and lastly the croup 
B.a.3. substituted phenyl ones, which are most 
potent. Also the piperidino compounds (group B.b.l. 
show a higher potency than do corresponding di - 
methyl compounds (group L.b.2). 
C. Various Other Cmpounds. m0001.1*...1.... *,10.0 
As a rule this group is fairly level in 
potency and has least power to penetrate mucosae 
as compared with group A and B. Of its various 
sib-groups it can be said that (a) amlnophenyls 
(group 002) are more potent than thienes (group 0.1) 
while the furls (group 0.2) are the least potent. 
From/ 
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From drug XVIIIi and XVIII4 (Table B, 
appendix, Group A.4a and C.3) it can be inferred 
that substitution of aLinophenyl by a quinoline 
ring markedly enhances anaesthetic potency. This 
was also found by Bovet (1931). 
The general result of these tests was to 
indicate that the followirk; compounds liere most 
likely to prove of clinical service. 
(1) Drug xvilia pyrazoline. 
(2) " XVII diquinoline. 
(3) " XVIIII monoquinoline. 
(b) irritation. 
Tho practical value of a local anaesthetic 
depends upon its being non-irritant in the concen- 
tration in which it is employed. It is only 
possible to make a rough quantitative estimate of 
the irritant properties of drugs on the cornea and 
in the intra-dermal wheal, but such estinates are 
shown in Table B. (appendix). Within each of the 
groups the irritant action varies widely end a 
summary/ 
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sumpaily of the irritant properties of the sub- 
groups is shown in Table ViY. A stu6y of this 
table shows that: 
(a) 6roup A (quinoilnes), those that have the 
slue chair connected to tae quiroline by carbon 
atom a.oe less irritant taan taase taat az'e connected 
by nitro6en atoms 
(b) in roup (pyeazoilaes), substituted phenyls 
(group 13.a.3) are least iritant. 
(c) In group C of va/lous conpounds the amine- 
aenyls (group C.3) al°e least irritant as conpared 
to furls and talanes (group C.1 and 2), 











(1)CT4 chain in 
position 2 
(2) N linked In 
position 2. 




(3) CHe chain in 
position 6 
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Toxicit v - d aatiO to 
cocaine 
C. Various other ;jsoups. _ 
(1) Thiones . G. 4. to 2 <25 
44++ 
(2) illryls ++++ tb 50-1E0 1.0 
(3)BenzarAides 
(or aminophenyls) 
<4- to 1-1- J. <25-500 3.0 
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(c) Toxicity 
Tho . toxicit-v of the drugs cts measured by 
intravenous injection into nice, A general 
estimate of the toxicity of all drugs with a well 
nexed ,. local anaesthetic action as made by finding 
the approxiate lethal tiose and then using 6 mice 
to estimate the median lethal dose. In the case 
of the most promising drugs the median lethal dose 
was estimated accurately by using 50-100 mice. The 
results are shown in detail in Table B (appendix) 
and are summarised in ,able VII. 
In general it vas found that the toxicity of the 
drugs within each sub-group varied widely, but taat 
the range of toxicity was similar in all the sub- 
groups tested, The toxicity measurements do not 
taorefore show any facts of outstanding importance 
regarding the relation between pharmacological 
action and chemical constitution, These measure- 
ments are however essential -Lor tae estimate of 





authcrs resulta show that the local 








Local anaesthetic potency 











'ihe influence of the position of the side 
chain on pharmacological potency is in accordance 
with the findings of other authOrs. Two the 
Important quinoline derivatives are of the same 
type, namely plasmoquine and Drug 665 (iourneau). 


















Autor ° á 
drug s 1F I I f 2 
Pl a.ü,iilí7Cjuine 
Fourneau and 
E ovet l e com- 
pound 665 
Nupercaiv.e 
The fact that in nupercaino the side chain 
is in position 4 Shows however that local 
anaesthetic potency occurs La coliTounds with side 
chains in other positions. 
Eovet (1931) studied the local anaesthetic 
action of these drugs by the rabbit's cornea method 
and obtained the following results. 
Lipschitz and Lauben- 
ders (1929) result in 
rabbit's cornea gives 
Authors result gives 
21asmoquine = 8 x cocaine 
Drug 665 = 58 x cocaine 
Nupercaine = 56 x cocaine 
rupercaine = 100 x cocaine 
Drug XVIII. = S x cocaine 
6ovet (11) studied a long series of 
compounds of the type of drug 665 and showed that 
the potency of this coripound was dependent on the 
group in position 6. alen this group was absent 
the compound had scarcely any local anaesthetic 
action and the sUbstitution of an ethoxy for a 
methon group in position 6 increased the local 
anaesthetic/ 
anaestiletic potency about sevenZold, 
The fact that auporcaine also ia a butoxy 
group attached to the quiroline ring (in this case 
in position 2) indicates the importance of this 
group, 
1;ig, lo shows that drug 665 the sloe aaain 
is united to the ring by a nitroen (1i) ato. In 
the substances studied by the author there was no 
group at position 6 (Drug IV, V, XIV are weak) 
and in this case the compounds with a proxinal 
N atom in the side chain had very little local 
anaesthetic action, a result which arees with 
Bovetls findings. 
Or the other hand when the side chain was 
united to the ring by a caz'bon atom (i)rug XVIiii ) 
the corpourd had a powerful local anaesthetic action, 
These results suggest that a drug of the type 
XVIIIi with the addition of sm ethoxy group st 
position 6 would be a very potent local anaestaetic. 
Unfortunately the technical dif.-eiculties of con- 
etructinc, a compound of this type are at present 
Insuperable, 
Ihe a_thorls measurements of toxicity showed 
that compounds in which two quiroline groups are 
linked/ 
linked to the same U atorn are reore toxic than when 
two groups are linked, to different N atoms or com. 
pounds in which one ring 12 united to a straiOlt 
chain, 
iie authors results also show that 
duplication of e single local anaesthetic structure 
enhances local anaesthetic potency. 
(1) The diquinolines are nore j,otert taan rono- 
ouirolines; (2) Arr_onst tne nono-euirolines those 
having two radicles of diethylariele are r.ore potent 
than those having only one radicle of dletaylarine; 
(3) also the diphenyls in the pyrazoline are nore 
potent than nono or furylperyls. Hence the 
author concludes that duplication of local 
anaesthetic structure is liable to enhance potency. 
It must be seen from the results that this 
duplication of anaesthetic structure to enharce 
potency might not necessarily he favourable for 
other conditions required for an ideal local 
anaesthetic, such as toxicity and irritation. As 
the results in Table VII shows that 41pheryle are 
more ir.rient than furylphenyls and diquirolines 
more toxic (except one XVII) than reonoquirolines. 
Hence the author concludes from the 2:'esults taat 
such alterations are not desirable iV not compensator: 
by adequate changes in conditions of arrangerflent. 
Such as ir the pent case (1) diquinolines should 
be ,linked by cEirbon atom to th e quinolillo ring to 
reduce irritation and to increase potency, or (2) 
nitroger chains saould be reduced to closed caains. 
However the best result of the quirolines as 
ol:toired by the author is the ftiquinolifte drug XVII 
having the forpula!- 
Cl-ig-C Hz\ 
CH-N 
It has e. low toxicity about equal to cocaine and 
potency about ter time- of cocaine. 
(b) layrazoline Colr_pounds 
reedits show tn.at furylpleLyis (group .6.61..1) 
are weaker than the diphenlo, hence the author 
concludes that the phenyl radicle is eserttel for 
pyrazolines, possibly at position 1 and 5. 
Extensive substitution in the phenyl groups 
(006. addition of methox radicles etc.) roduces 
relativeLV 
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relatively less effect in potency or toxicity 
but reduces irritation considerably. On tne other 
hand the piperldiae compounds Snow a higher 
toxicity than the diaminomethyl ones. Hence the 
author infers that the factor of irritation to be 
samohor related l to the phenyl radicle, and the 
of 
factorX in toxicity to be related to the 
dimethylamine radicle respectively in the synthesis 
of the pyrazoline. 
The author In his dlscussion has tried to 
find out factors that are involved in the synthesis 
of a local anaesthetic structure and has succeeded 
In eliciting the relieving three, all of which are 
equally important:- 
(a) That all potent local anaesthetic compouads 
nust consist of one or more local anaesthetic 
structure. 
(b) That these structures must be placed or linked 
at favourable positions of the anaesthetic structure, 
(c) That alterations in the conditions of arrange- 
ments (as referred to in.text) are necessary for a 
further Increase in potency. 
The author has attempted to fit the above 
conclusions/ 
conclusions to the present synthetic compounds as 
The pyrazoline compounds of the present series 
have a common anaesthetic structure like the 
pyrazole compound antipyrine, i.e. the pyrazole 
nucleus. Anaesthetic potency of the pyrazolines 
is 100 x antipyrone. This marked change in 
potency iv explaned ts due to alterations In the 
conditions of arrangements at position 3 and 13 of 
the pyrazole nucleus (i.e. substitution of piper- 
dine and phenyl respectively). 
TV. / 
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IV. INFERENCES AND DEDUCTIONS. 
The author in his results, &s lready 
rrentioned obtained a marked increase in potency 
when an aminophenyl radicle was replaced by a 
quinoline radicle in compounds XVIII6 and XVIII!. 
From this result he deduces that it i hiLhly 
probable that the aminophenyl radicle in novocalne 
if replaced by a quinoline radicle may enhance its 
potency considerably, and as quinoline compounds 
as a rule are more efficient in penetrating the 
mucosa than its corresponding amino-benzoates, 
this hypothetical compound is expected to be more 
potent in the cornea than novocaine. 
tome of the previous results of the author 
dhow that duplicating anaesthetic structures 
enhances anaesthetic effect. The phenyl in 5- 
position of the pyrazoline compound is easily 
replaceable and the author infers that if it is 
replaced by a quinoline radicle there is a fair 
chance of the hypothetical quinoline pyrazoline 
compound to be potent. Besides as the substitution 
of/ 
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of phenyl radicle by a quinoline as in the present 
case Is unlikely to give very different results. 
From the evidence of the quinoline compounds 
as obtained by the author, as well as those of other 
workers, the following results are obtained as 
requirements for an ideal quinoline local 
anaesthetic. 
(1) The nitrogen of the chain radicle should be 
Indirectly connected to the ring of the quinoline 
radicle. 
(2) The position of linking the chain to the ring 
should be either at 8 or 4 position of the 
quinoline. 
(3) There should be an additional chain attached 
to other positions of quinoline ring preferably at 
)osition or 2 position. 
(4) It should have two quinoline rings preferably. 
(5) The quinoliries should be linked to different 
d atoms. 
(6) The nitrogen atoms of the Chain should be 
linked as close chains, as opposed to open chains. 
(7) The carbon atoms of the chain be preferably 
linked as crossed chains than straight chains. 
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It will be seen that drug XVII and nupercaine 
fulfils most of the conditions of an ideal 
quinoline compound. Both have the same therapeutic 
ratio for its base in the human wheal. Drug XVII 
is less toxic and less potent, while nupercaine is 
more toxic and more potent. Hence the author 
deduces from above that both compounds have room 
for improvement (a) nupercaine can be converted 
to a diquinollne compound and its two nitrogen 
atoms should be linked as close chains, (b) Drug 
XVII should have a chain radicle attached to each 




14 It has been proved that pyrazoline nucleue 
is a potent anaesthetic structure. 
n 40 Structural conditions and other factors that go 
to make an Ideal quinoline local anaesthetic have 
been investigated and defined and certain hypothetical 
compounds, likely to be of anaesthetic value, have 
been suggested, by improving the already known local 
anaesthetics such as novocaine and nupercaines 
3. Of the various essentials for obtaining a local 
anaesthetic compound the following three have been 
elicited from the results: 
(a) presence of a local anaesthetic structure 
as quinoline, pyrazolines etc. 
(b) a local anaesthetic position in relation to 
the local anaesthetic structure where other 
structures are to be linked. 
(c) other alterations in structural arrangement 
as described in the text, i.e. linking of 
additional side chains in the quinoline ring. 
4. The relation of toxicity and Irrita on to chem- 
ical constitution has been discussed. 
The first of the series. of the pyrazoline drugs was 
also found out by Professor A.J. Clark previous to 
the author who tested the subsequent number of the 
series, 
Peferences. 
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r'pecia'.l est pf _ost Illoortant Drugs. 
.v'.pecial detailed tests were made upoz^. the 
three best drugs obtained with the object of finding 
out how far they mIÿht be of clinical value. The 
three drugs teste :' were the following: 
(1) Drug XVI/8 . . . . Pyra7oline piperidine 
;2) 3?rug XVII . . . . Diquinoline. 
(3) Drug XV .r 1?'./l t v. Eo noqui wzo3.ine . 
Their chemical formulae are given below. 
Drug "neniical. 
No. furmtala 
XV IA " 1 onohydro- 
chloride of 
1 -15heny1-3 0.. 
Nwpiperid.ino 
ethyl) 5-(31- 
e t;k'àoxyl.-4 - 
lile tho.n:yl ) 
phenyl 
pyrazolire. 
=truc turai formula,. 
CHO Nel CH H jNCN _- Ñ c cH -CH- 
cl \ z 2CH2 N C fCH 
XVII" ' Tetra-h:ydrobromide 
óf' N and N--piperiy- 
zino 8=-rnethÿl gii3 n.o- 
line añd. 8imeth/1 
quirlolin.es 













CN2 CH2 }{BY 
/Y\ I\/\/ & C2H5 
N CH2 N-CHZCHZ IVl 
HBT q15 13-r zH5 
H 
These drugs are all soluble in eater, and stable 
when boiled, but are not antiseptics. 
The detailed tests aliade regarding their 
potency as compared with cocaine in rabbit's cornea, 
human wheal and fro&s sciatic, have already been 
described in 2art I. The method of comparing 
toxicity was done with 50-1T3 odd rice by Trevan's 
technique as has already been described in rart II, 
and the details of the technique are given in the 
appendix. The comparison of irritation was only 
approximate. 
ìesalts 
The results are suprafised in Table IX. and 
1,1g. 11. Table TY is compiled from data previously 
obtained in Part I from Figs. 7 and 8 and Table 1 
which gives Log x Concentration curves of tests or 
rabbit's cornea and human wheal for these best drugs 
and from the frog's sciatic results as given in 
Table T., ilart I, or from results that were obtained 
by the sane method. 




Comparative potency to cocaine. 
Cocaine xv1/8 XVII XVIII,' 
Frog's Sciatic. 
(a) Percentage 
of drug with 
equal time of 
onset of par- 
alysis as 
cocaine 
(b) Ratio to 
cocaine 
Rabbit's Cornea. 




(b) Ratio to 
cocaine 
Human Wheal. 








(a) Median lethal 
dose 





































-Medi an/ 'Ott& daS Of" 
COCW>ae 7- 28 "in9Per /67 
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"XVIL 40 . 
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_Dose 1n9 Peir Kg 
(a-xic4 caves cf Pnigs) 
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The median lethal dose (i.e. the dose giving 
50% mortality when Trevan's method is used) for mice 
was obtained from Table C (appendix) and the results 
plotted as in Fig. 11, show the relation between. dose 
and mortality in population. The abscissa gives 
dose of various drugs calculated to mg. per kg. body 
weigzs and the ordinate gives mortality per cent. 
of mice population at various doses of each drug. 
The dose that gives 5O mortality can be then read 
off,' 
The results give a high therapeutic index for 
each drug, hence it was desired to do a final test 
on human fingers (i.e. digital nerve trunks) with 
adrenaline, with novocaine as control. These tests 
were carried out as followL:- 
Anaevtia of Human DiT :Nerve. 
This method does not give very accurate 
quantitative results, but has the advantage of 
measuring the activity of drugs under conditions 
closely resembling those under which they are used 
clinically. The importance of obtaining fairly 
direct evidence regarding the clinical efficiency 




0.5 c.c. of a known percentage of the drug 
at ph 6-7 was sterilised by boiling in isotonic 
saline and adrenaline. 0.002% was added. The 
solution was Injected at the root of the fingers as 
near as possible to the digital branch of the radial 
nerve as is illustrated in Fig. 12. Anaesthesia 
was deemed to be complete if the sensation to pin- 
prick was abolished in the area of the distribution 
of the fibres of the nerve trunk distal to the point 
of injection, i.e. up to the root of the nail on the 
lateral half of the finger injected. 
Results. 
The summary of results is given in Table X. 
from details of the protocol (Table D in appendix). 
it show 2 that only XVIII/1 is good for giving deep 
anaesthesia in nerve conduction as compared to 
novocaine, and that drug XVI/S is worst of all, 
while drug XVII is comparatively better than drug 
XVI/8, and that in concentrations when it equals 
norocalne, it slows a favourable margin of therapeutic 
ratio as compared to novocaine. however it is not 
so reliable for the production of deep anaesthesia 
as drug XVIII/1. 
-78- 
12. Diagram Showing site of in 
gE.1 nerve. 
A. Dorso-lateral view. B. 
(a) ist and 2nd 
phalengeal joint. 
(b) Site of injection. 
(c) Metacarpo- 
phalengeal joint. 
ection in human 
Cross-section view of A. 
(a) Extensor tendons. 
(b) ist phalanx. 
(c) sheath of dorsal branches 
of radial nerve and vessels 
(d) Ventral branches of median 
nerve and vessels. 
(e) Flexor muscles and tendons. 
(f) Course of the needle. 
-79- 
Table X. 
Summary of the data of human digital nerve 







It is five times more potent than 
novocaine at minimum concentration, but 
never gave deep anaesthesia as did novo- 
caine, nor was it as quick in onset even 
when the concentration of the drug was 
increased. It is worst of all the three 
drugs. 
It requires a higher concentration 
than drug XVI/8 for effecting anaesthesia. 
At still higher concentration it gives 
deep anaesthesia. Its onset time of 
anaesthesia is longer than novocaine. It 
is 2.5 times as potent as novocaine. it 
is better than drug XVI/8. 
It is equal to novocaine in its quick 
onset, and produces as deep anaesthesia. 
It is best of all. 
-80 - 
Summaly22129aclusion. 
1. That the drugs xvi/e and XVII, i.e. the 
pyratoline and the diquinoline respectively, are 
good foci clinical application in mucosae and 
infiltration anaesthesia, but they cannot replace 
novocaine in nerve trunk anaesthesia. 
2. Drug XVII/1 is just equal to novocaine in nerve 
trunk anaesthesia, and hence in absence of a wide 
margin of its theraPeutic index from that of 
it will have very little chance to replace 
novocaine. Synthetic series of this compound as 
opposed to the other compounds may yield better 
re&ults. 
3. Drug XVII (diquinoline)has a better Chance to 
replace novocaine than Drug XVIII/1 for human nerve 
trunk anaesthesia, and is an all round drug for 
clinical use. 
.81 
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XVI/3. 1w ( 3 ' -m.ethoxy 
4 °wethoxyphenyl 
3(0-piperidino 
ethyl ) 5-phenyl 
pyrazoline. 
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3(ß- piperidino 
ethyl) 5-phenyl CH3( 
pyrazoline. 
f C-CH2 CHz N j 
ÑN 
XVI/7. 1-phenyl-3(ß-N- CNz Q 
piperidino 4 




XV I/8. 1-pheny1-3 ( ß-N- Etó 
piperidino MeI / - CH_CH NPiP ethyl )5(3 -ethoxyl - N i 2 2 \_/ 
4Mmethoxylphertyl ph N 
pyrazoline, 
XVI /9., 1- phenyl -3(1 
dime thyiamino- 
ethyl )5. furyl 
pyrazoline. 
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dime thy lerrno 




XVI/ll lwp-etho :yphenyl- 
3(ß-piper3.dixr.o Pi,- 
ethyl )5-phenyl C-CH zCH N<W EtO Ñ > 2 j pyrazoline. 
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XVI/13. 1-ptoly1-3(ß. Ej 
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4 ' -methoxy ) phenyl CN\ jÑ N 
pyrazoline. 
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2n,.2ak4p rheir kharmacolo4cal 
Action. 
A. Quinolines. 
(1) Those which have C4 chain linked at position 2. 
(2) Those which have N atom linked at position 2. 
(a) with a Cl and without a MOO radicle in 
the rin. 
(b) without Cl and with do. do. 
(3) Those which have Clie chain linked at position 6. 




(a) (1) Furylphenyls, pyrazolines. 
(2) Diphenyls. do. 
(3) Substituted phenyls, do. 
(b) (1) Piperidino-pyrazolines. 
(2) Dimethylamine do. 























































































Table B. contd. 
Minimum Effective Concentration, 









































































































































































Table B. contd. 
Drug Wieal Cornea Sciatic M.L.D. Irritation 
(b)(2) 
XVI/9 0.025 0.02 0,2 >120 4.4- 
n /10 0.01 0.0.7 0,2 100 
" /10 0.01 0.05 0.4 50 4-4- 
" /15 0.01 0.05 .. 100 +4. 
0. VariouttItiErgEslaz. 
1. VII. 0.05 0.25 .0,5 ,<25 4 + 
- VIII. . >5.0 3.5 .. ++++ 
2. IX. 0.05 0.25 >5.0 50 
X. 0.1 0,50 :>5.0 150 ++++ 
XI. 0.1 0.50 0,8 50 
3. XII. . >5.0 5.3 500 < ¡- 
XIII. - 5.0 0.6 25 4.4- 
XVIiI/4 0,05 0.05 . . 4-4., 
.,,13.. 
Table 04 
Detailed results of beat drugs of the three 
structural types. 
Data of median lethal dose. 















control 1,0 15 U 0 
Cocaine 
0,1% 006 18 9 58 
005 15 5 33 
0.4 15 2 15 
Novocaine 
0,2% 0,9 15 7 50 
0.8 15 5 33 
0.6 15 1 '7 










0,5 17 1 6 
0.4 16 0 0 
XVII. 0,8 33 16 45 
0I / 0.7 21 7 
30 




2 0 10 









0.40 12 3 25 





up to the finger tip 
after 40-60 min, 
anaesthesia remained 
for 3. hours. Later 
fincer was tender. 
(Subject K.M.) 
Anaesthesia took 20-40 
min. to complete. It 
disappeared in 3 hours, 
It did not reach the 
finger tip. There was 




Anaesthesia was eomplete 
in 15 min, near to but 
not to the finger tip. 






Novocaine = t 
Anaesthesia after 1 hour 
much less marked than 
novocaine. It did not 
reach the finger tip 
but remained longer than 
novocaine though in- 
jected earlier. 
0,2 
Anaesthesia after 20 
min. It was not as deep 
as novocaine, but 
lasted longer. It dis- 
appeared in 3-4 hours. 
There was no irritation 
later, 
0,4 
Anaesthesia was never 
deep to the extent as 
novocaine was but the 
anaesthesia though less 







Complete araesthe5:ia in 
15 min, It disappeared 
in 3 hours, There was 
no irritation later. 
(Subject C,IC) 
Anaesthesia was complete 
in 10 min. and lasted 
2-3 hours. 
(Subject C.M.S.) 
Complete anaesthsaia up 
to the fier tip in 40 
mir, It disappeared 
in 3 hours, 
Complete anaesthesia in 
30 min. but not to the 
finger tip. Anaesthesia 
was disappearing after 
1 hour but remained for 
5 hours. 
liarasthesia remained 
locally, It was 
earlier to 3o than 
novo caine 
<2,5 
Anaesthesia in 40 min, 
but not very deep and 
did not reach the finger 3 






from 20-40 min, but 
did not reach the finer 
tip, It lasted for 3 
hours. There was 
irritation later. 
1.0/ 




in 10-20 min. but did 
not reach the tip. 
Anaesthesia lasted as 
long as novocaine did. 






in 15 min, and it 
lasted for 5 hours, 
(Subject V1.1.) 
Complete anaestneeie 
in 15 min up to the 
finger tip which dis- 
appeared in 2 hours. 
It pained later, 
(Subject 
Complete anaesthesia 
in 24J min, but not to 
the iinter tip. It 
lasted for 3 houre, 




in 10 min, but not 
to the finger tip. 
It lasted for' 3 
hours but was dis- 
appearing after 45 
(3u7ejel'e 
DrugXVII, 0,4% 
Complete anaesthesia ir, 
10-30 min,, the deepest 
part was the tip, It 
lasted 15 min, more than 3 
novoceine. The finger 
was a little more tender 
than novocaine: on 
pres sure. 
Completo anaesthesia but 
not to the finger tip. 
It lasted for 2---ibours. 
Anaesthesia in 20 min. 
but not to the finger 
tip. It was less than 
novocaine, 
Anaesthesia in 15 min. 
but not to the fieger 
tip. It was paing 
away after li hours but 
lasted for 7 hours, 
Anaesthesia was complete 
in 1C- eiin. but did not 
reach the tip. It was 
passing away in 2 hours 









in 10 nun. It came 
up to the tip in 30 
min. and lasted for 
2 hours, 
Drug XVIII/1. 
CompIete orii deep 
anaesthesia in 25 win. 
It came up tc the tip 
in 50 ùi. nd lasted 
for 2 hours. 
(Subject F.) 
Both novoeatne ard drug XVIII/1 were ver,j parallel 
in their onset and. their disappearance. ihey gave; 
deep anaesthesia in 15 min, which lasted for 2 hours. 
2.5 
2.5 
III. Techril rue Ernplo.yed in Te tin 11113 3 9 
Certain special modifications A' 
technique uore used in this investi7,at4.on, In tne 
first place it was desired to rzet quantitative 
estimates oi t4e local anaesthetic actility of 
largo number of compounds in order to obtain 
infornPtion regardinz the relation between chemical 
constitution and pharmacoloOcal action. This 
involved testing many drugs with lo-; solubility 
or markedly irritant action even though they were 
obviously unsuitble for clinical wet and here it 
was neceosary to ase not only a standard technique, 
but also modification c.): this tochniquo. Secondly 
an attempt was made to devise a mothod of Quantitative 
estimation which would give a direct indication of 
the clinical value of certain selected drugs. 
(a) / 
(a) Anaeetheele of leabbitls Corree - 
In this rethod a fey drops of fluid 
are introduced into tLe conjunctivel SAC arid kept 
there for a vareing period. Ihe reost obvious 
source of error is the dilution of the fluid by 
tears and the lots of fluid throuja tbe lechryntal 
duet. It t there:ore difficult to rai7ttair s. fixed 
concentration of fluid in the eye. 
The technique devised by Sollmann and 
modified by Rider (103e) has already been described 
and was adopted by the writer. in tnis method the 
eee is irvidataa for a minute. Ihis is suitable for 
testing powerful local anaesthetics but unsuitable 
for testing drugs with low solubility and low 
anaesthetic activity. In such cases the fluid wee 
kept in contact with the cornea for five minutes 
and then the seneitivity of the cornea was measerea. 
Yf the reeult was negative, the eye was flooded for 
a second, and if necessary, for a third period of 
five minutes. A negative result therefore ireleetee 
that A solution did not produce ansesthesia so as to 
last for more than 5-10 minutes after being in 
contact with the cornea for 15 minutes. Some 
writers/ 
-20- 
writers have recommended the use of a limited 
amount of fluid but this is undesirable because 
small quantities of fluid produce different effects 
on different portions of the cornea. This effect 
is shown in Table E. The writer therefore used 
different fluids to flood the wnole cornea and based 
his comparisons on the concentration of the drug 
and not on the quantity of the drug used. 
In order to keep the duration of exposure 
constant the eye was thoroughly washed with saline at 
the end of the application of the drug. The duration 
of the subsequent anaesthesia was measured. The 
following sources of error deserve mention:- 
(i) Tests on the anterior superior segments 
of the cornea are not reliable because the superior 
segment often is covered by folds of the upper con- 
junctiva and the anterior segment is covered by the 
nictitating membrane, hence the anaesthetic drug 
often fails to reach these portions. (See Table E). 
2221222.;./ 
Table E. 
1% Cocaine instilled for 1 min. (standard 
method) in the same rabbit (No. 4). The 
total capacity of the eye-pockets was 6-10 
drops. 
Duration of Anaesthesia in min. on the right eye. 
Amount of Inferio Infarto Superio Superio 
fluid in anterior posterior anterior posterior 
drops quadrant quadrant quadrant quadrant 
Cornea 
flooded 
8-10 10..12 10-11 10-12 10-13 
5 5-6 5-6 3-5 5-6 
1 2-3 3-5 - - 
Results show that flooded. cornea is more likely to 
give definite results than a constant amount of 
fluid and that inferio-posterior quadrant is more 
reliable for the test than other quadrants of the 
cornea. 
-22- 
(ii) There is considerable individual variation 
in the case with which anaesthesia of the cornea 
is produced in rabbits as already described. This 
error can be eliminated by making a series of tests 
on single rabbits but then it is important to allow 
an adequate interval between the tests. Usually 
a 24 hours interval was allowed end in the case 
of the more important drugs an interval of from 
3-5 days was allowed between tests. The decrease 
of sensitivity to threshold concentration of drugs 
to successive application is given in Table 
Table F. 
Effect of successive application on the left eye 





















Results show that threshold concentration first 
increases,then remains constant if repeatedly used. 
-23- 
(b) Intradermal sheal Method. 
In this method the standard method of Rider 
was used as already described with a few necessary 
modifications. They are: (1) The amount of solution 
injected was 1/3 c.c for the present method and 1/4 
0.0. for standard experiments only, with a i c.c. 
syringe graduated to 1/100 c.c.; (2) The stimulus 
for pinprick being more definite was taken as a 
surer index for quantitative determinations; 
(3) The relative comparisons of the drug were made 
on their minimum effective concentrations though 
for the more important drugs a different method 
described in Parts I and III was used, and the 
effect of combining with adrenaline was also tested; 
(4) The injection of saline without any anaesthetic 
produces a short local anaesthesia, hence frequent 
controls with pure saline must be interposed amongst 
the experiments with drugs; (5) Chen solutions are 
used which are the minimum effective concentrations 
great care must be taken to wash the syringe 
thoroughly with the solution to be tested; 
(6) The factor of irritation was also measured by 
noting the pre-anaesthetic hypersthesia or post- 
anaesthetic/ 
-24- 
anaesthetic pain or redness, at threshold concen- 
trations or in relation to equal concentration and a 
rough estimation was made accordin6ly. Some of the 
drugs in this series did not show an redness or 
pain but showed a post-anaesthetic oedema and tais 
was also included as irritation. 
An example of results as obtained front the 
wheal method and its variability in ordinar 
dilutions is given as follows:- 
Human 3::heal, 
Drug XVI/4. Cone. = 0.1%. 














a- = 2.5 
OT = 
(c) 
(c) Anaesthesia of iroils Sciatic Nerves. 
The variables which nust be controlled when 
this method is used are: . (1) Accidental damage of 
nerves during preparation; (2) Threshold stimulus 
for each preparation; (3) The possibility of 
fatigue of muscle-nerve preparation by undue fre- 
quency of stimulus, for which the conductivity of 
the nerve has been loeeped by the drug; (S) Individual 
variations in size and seasonal variations. 
SollmannIs technique as modified by Rider 
and already described, consists in leaving the 
nerves in situ (to avoid damage) and applying 1% 
cocaine to one side and a solution of the drug to 
be tested to the other side. The concentration 
of the drug tested is varied until one is found 
which. produces paralysi s in the sere time as does 
the standard cocaine (although in some of his 
published results he gives equal concentration X 
tire method). The strength of stimulus which was 
slightly above the threshold value is kept constant. 
The author used a slight modification of 
this method. hider made his solutions in distilled 
water, whereas the author used physioloe,ical saline, 
which is preferable for many reasons. The writer 
found/ 
found that with reasonable care it was easy to 
separate the sciatic gastrocnemius preparation 
without damage and hence used this. The presence 
of sheath over the sciatic nerve was found to inter- 
fere with the entrance of the drug and hence the 
nerve was carefully stripped. Tae preparation wa 
isolated in tae manner shown in If as described 
before in ?art T. 
The important point about this method is 
that the drug comes in contact only with the nerve 
and not with the muscle. Hence the method measures 
the paralysie of the nerve trunk and taa nerve 
ending's are not affected. Individual variations in 
frogs were minireleed by using a standard solution of 
1% cocaine on one nerve and the drug to be tested on 
the other nerve. The nerves were stf.vulated on 
platinum electrodes and care was needed to keep the 
electrodes moist and to keep a constant contact 
between the electrodes and the nerve and to avoid 
powerful stimuli which caused polarisation of nerves. 
kreliminary experiments were made with cocaine 
to detereire the method of electrical stimulation 




A standard direct reading induction coil 
wit two volt cell in the primary coil was used. 
The muscle movements were recorded with sensitive 
isometric levers mounted on stretcaera watch-sprint; 
which wrote on a smoked drum. The threshold 
stimulas usually lay between 20-50 volts, correspond- 
ing to 33-27.5 cm. of the secondary coil from tne 
primary. 
Threshold variabilit and the technique of its ntrol 
Owing to the eariability of the threshold 
stirulas of different frogs and also the two 
prepsemtions of the same frog, due to the difference 
in resistance in the two different secondary circuits 
(Pig, IC as well as the variable nature of the 
contact of the nerve to the electrodes, it as not 
possible to keep the secondary coil always at tae 
same position for each threshold stinulus, but es 
it was thought necessary to do so it was done in the 
following !tanner, instead of interposing a high 
resistance in the secondary circuit as described by 
Lauberder end Ost (1932), 
The secondar coil was always kept at zero 
position of the scale, i.e. 33 cm distance from 
the/ 
the primary and at riL:ht angles to it. At this 
position intensity of stimulus would be = O. The 
secondary coil is now rotated to increase the 
intensity of stimulus to threshold intensity at a 
certain angle. This angle wns noted and whenever 
the particular preparation was stimulated, it was 
so done by ehiftinz the secondary coil up and down 
the scale at that particular anejel i.e. every 
preparation was stimulated at their respective nrle 
and this technique helped to have a common start or 
the scale for all preparations. 
(f) Tests of Toxici%b 
The toxicity of the drug investigated 
was meazured by intravenous injections into mice. 
Only those drugs Which showed a reasonably potent 
local anaesthetic action were tested for toxicity. 
Preliminary toxicity tests were made by injecting 
about half a dozen mice in order to determine roughly 
whether or not the drug was violently toxic. An 
approximate value for the therapeutic ratio (activity/ 
toxicity) was thus obtained. In the case of the 
more important drugs the median lethal dosekwas 
determined/ 
-29- 
determined by injecting 50-100 mice with each drug 
accoeding to Trevan's technique (1927) as follows:- 
Mice weighing about 20 gin. (fasting weight) 
are kept at room temperature. They are injected 
with a definite dilute concentration of the drug 
J.1. Doses are varied by increasing or decreasing 
the volume of the fluid; injections are given at a 
uniformly slow rate. Data are taken at six monthel 
interval to include seasonal variations, and the 
toxic dose calculated as mg, pe: kg. which kills 
5O of the mice population. The tests of the 
present series have been carried out with only two 
modifications: (1) as the tests were carried within 
four months, the technique does not include seasonal 
variations to that extent, (2) survival of 
populations were used again for a higher dose after 
a respite of one or two wee:m. 
-30- 
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